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百1especi:al co此rib批ionsin this is叩e∞nsistof seven papers， which aim at investig証tmg詑Iewayof
self-underst阻dingas治eirsh訂edproblem. The SELF has mu1tiple aspects:めeself叩首1e
neuro-physiological level; the self onぬephenomenologicallevel; the self on the physicallevel; the 
self on the socia1-interactive level. These selves construct one and th母sameSELF， c叩 nectingwith 
one anotner. 11ie contrioutors belonging to di狂erentdomaIls of sωdy， sucli as psycliology， pfulosopny， 
linguistics， kinesiology and biology， wiU explicate the reali勿oftheSELF企omvarious perspectives. 
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‘Self' Viewing from Psychology 
Jun MAEDA and Toshiharu MA TSUMOTO 
(論丈受理日 平成14年8月30日)
Abstract 
We state 戸ychologicalinterpretation of "Self' from two as戸ctsin偽ischapter. F出t，themech創出m
through which environment and intention inf1uence organism's behaviors and responses， are explain吋
in term of Conditioning and Social Ler鉱山gTheory. Second， the study of "Spilit Brain"， which 
resultant from surgery to patients with severe epilipsy and showed the existence two rnind in a hum姐，
are introduced. 






































































































































































































































































































































































































































































































































































































































































A Guide to Husserl's Philosophy 
Kohtaroh NINOMIY A 
(論文受理日 平成14年 8月30日)
Ahstract 
τ'his treatise is intended as a guide for learning easily Husserl's phenomenology. 
Firstly we w丑1see the structure of‘;intentionality' in the case of perception and will 
learn meanings of terms ‘Noesis'‘Noemがもyle'. N ext we will see theories called 
totally‘genetic phenomenology'. And then we will inquire closely < Noesis -Noema 
>analysis in the “Ideen 1". Husserl analyses three di皿ensionsof intentionality 
distinguishing several characters of act.τもお組alys白おconsideredalso in relation 
to truth and evidence. Lastly we see the method of‘reduction' . 
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確信….....・ H ・..・ H ・-…確実的
察知...・ H ・.・ H ・.・ H ・..・可能的
剖定立 ! 推測...・ H ・..・ H ・.・ H ・..蓋然的
疑問…......・H ・...・H ・-問題的


























































































意味表現作用・...・H ・-…….....・H ・....・H ・-…..・H ・...・H ・-……....・H ・..・H ・....…表現された意味
「意志作用-， r一意欲...・H ・.・S・H ・-…H ・H ・...・H ・-…実現すべき一一
l トー 願望・'"・ H ・….....・..…...・ H ・-……望ましい一一
I I r長に入る....・ H ・...・ H ・....気に入った・・‘・
感情作用_J L 評価ート喜ぶ・…・…H ・H ・...・H ・..・・喜ばしい・・・・
l基づけ
日 -Eで:『一→n覚 聴覚























































































































































































































































































The purpose of this paper. is 10 clari今howwe experience and understand σ町selvesby investi伊tirg
the conventional metaphors in English which use words referring to parts of the body. The 
∞nsideration indicates that a ∞rtain number of concepωal metaphorsラ whichmanipulate 
conceptualizations in cognition， work on various bod令y丸-pa訂rtm巴e1a勾phorsas t由hei註rfi丘ram巴woωrks 









































































































えられてきた:THE BODY/FLESH IS A CONTAI肥R.
(1) He just lives to scrape enough to担思主主






(2) a. 1 don' t have the feeling for Central 
Asian music in my body. 
「中央アジアの音楽は私の肌に合わな
し、。j
b. You can imagine what!! thorn in the flesh. 






THE BODY/FLESH ST脳DSFOR AN ORGANIZATION. 
(10) 
(3) He has set up a body called the Security 






のイメ}ジをもっ:THE SK1N 1S AωNTA1NER. 
(4) 'Fhis made thema11 jump out of their skins 




重品である:THE SK1N 1S A VALUABLE POSSESS10N. 
(5) You a1ways try to save your skin at other 








HE幼 STANDSFOR A LEADER/THOUGHT. 
(6) a. There were severa1 internationa1 




b. 1 haye.no he.l'jdfo:t"_figures. 
「私は数字に弱い。j
頭は容器に見立てられる:THE HEAD 1S A 
CONTA1NER. 
(7) Brendan is very good at ea町 yingnumbers in 







(8) a. The dog barked at us his head off. 
fその犬は私たちに激しく(頭がとれるほ
ど)吠えた。j









(9) a. Tuppence， though utter1y taken aback， 
neverthe1ess， kept her head.くT:164> 
「タパンスはすっかり不意を打たれたが、
それでもあわてなかった。 j
b. Even though they were under threat， they 




られる:THE HEAD 1S A LOCATION. 
(10) a. The gin a11 the guests had drunk !盟主
their heads. 
f飲んだジンにお客はみな酔っ払った。 j
b. l' m ~oin~ off my head for someone to 








のである:THE FACE 1S AN OBJECT TO PUT ON. 
(11) a. He did his best to put on a brave face. 
くD:3> 
「彼は平気だという顔をしようとした。 j
b. She wore a 10nεface when she 1earned 





顔はまた大切な所有物である :T即 FACE1S A 
V此UABLEPOSSESS10N. 
(12) a. They ran away from the problem， hoping 
it wi11 disappear of its own accord， 




b. He thinks he would lose face if he 









自は容器としてイメージ化できる:THE EYE 1S 
A CONTA1NER. 
(13) a. 1 could see the fear in his eyes. 
「私は彼の自の中に恐怖心を見ることが
できた。 J
b. She couldn' t ~ the fear Qut of her 
空ヱ主主ι
「彼女は白から恐怖を取り去ることがで
きなかった。 J<Lakoff & Johnson 1980: 
50> 
容器に入り口だけでなく出口も付けると、導管
になる:THE EYE 1S A CONDUIT. 





目は着脱可能な対象物である:THE EYE 1S A 
DETAC出BLEOBJECT.これは、視藤誌が注がれること
が見ることを表すメトニミーに支えられている:
THE EYE ST脳出 FORSEE1NG. 
(15) a. Keep an eye 0n that wo叩[an.
「その女を監視していなさい。
b. 1 can' t take my eyes off that woman. 
「私はその女から目を離すことができな
し、。 J
目は移動する対象物である:THE EYE 1S A 
MOVABLE OBJECT. 
(16) a. She never moves her eyes from his face. 
「彼女は彼の顔から目をそむけなかった
(彼の顔から目を移動させなかった)0 J 
b. She ran her eyes ove:r everything in the 





る:THE EYE 1 S A CREATURE. 
(17) It takes 100king at a lot of good works to 






目は、事態が向かうべき場所である:THE EYE 1S 
A LOCAT10N TO HEAD FOR.事態が目に飛びつけば視
野に入札一目瞭然のものとなる。
(18) The true explanation 1eapt to the eye， 








THE EAR STA1泊SFOR LISTEN1NG. 






THE EAR IS A CONTA1NER. 
(20) If 1 have to listen to something 1 don' t 






こと (LISTEN1問 ISUNDERSTAND1NG) >という概急
化が働いている。
耳は或るものがよって立つ場所である:THE EAR 
IS A LOCATION. 
(21) The latest album of ThθBEE佐官'Sset the 




THE EAR IS A POSSESS10N.その質が良ければすぐ
れた能力を保証できるが、悪ければなす術がない。
(2) a. He has always 1ad a good ear for a tune. 
くD:6) 
「彼はいつでもメロディ}を聞き分ける
ことができる(良い耳を持っている) 0 J 
b. He will turn a deaf ear to my appeal. 
「彼は私の訴えに少しも耳を貸そうとは
身体メタファーに見る自己理解





ることが困難になる:THE NOSE IS A POSSESS10N. 
(23) a. He had a nose for trouble and a brilliant 
tact ical mind. くD:5> 
「彼は面倒事をよく鴫ぎつけ、すばらしい
駆け引きができた。 J
b. He has no nose for direction. 
「彼は方向音痴だ。 J
(23)には、メトニミー<鼻でにおいを嘆ぐこと







THE NOSE IS A PROJECT1NG OB]ECT. 








THE NOSE IS A CONDUIT. 





NOSE IS A REFERENCE P01NT.基準点は、場所の一
種とも言えよう。
(26) a. Most politicians cannot see beyond the 
end of their noses. 
「たいていの政治家たちは先を見通すこ
とができない(鼻の端の向こうを見るこ
とができない) 0 J 
b. All my friends used to look down their 





(27) She had a big mouth. 
「彼女はおしゃべりである。 J
(27)は、 THEMOUTH STANDS FOR SPEAK1NGとし、う
メトニミーとTHEMOUTH IS A POSSESSIONという概
念メタファーに支えられている。
口は食物を摂取する形状から、容器になぞらえ
られる:THE MOUTH 1S A CONTA1NER. 




た) 0 J 
















なる:THE TONGUE IS A VALUABLE POSSESSION. 
(30) a. His wife has a ton只ueon her‘ 
「被の女房はおしゃべりだ。 J
b. 1 found my tongue. 
「私はやっと口がきけるようになった。 j
c. The girl has 1ost her tongue because of 
a terrible shock. 
「少女はひどいショックで口がきけなく
なってしまった。 J
舌は、時として危険なものになる:THE TONGUE IS 
A D必~GEROUS OB]ECT. 
(31) a. W.atch your tongue! 
「口に気をつけなさい。













(32) a. Hold your tongue! 
fだまれ。 J







る:THE NECK IS A FLEX1BLE OBJECT. (33a)では首
は何かに向かってっきだして(stickout)いるし、
(33b)では長く伸ばして(crane)いる。
(33) a. 1 want you not to ~tick your neck out 
in getting involved with the cult. 
fきみにカルト集団とかかわり合いにな
って危ない自にあって欲しくないんだ。 j
b. Here' s the letter 1 have been cr恕語g
盟」笠k_for. <T: 221> 
f首を長くして待っていた手紙が来た。 J
首は何かよくないものを入れる容器である:T阻
NECK 1S A ∞NTA1NER. (34a)では痛み(apain)が
入っており、 (34b)では特定されない悪いこと (it)
が中に入れられる。
(34) a. That child is a pain in the neck. <CIDE> 
fその子はうるさい。 j
b. 1 wish l' d been the one to髭tit i旦








捉えられる:THE SHOULDER/C回ST/BACK1S A 
LθCATION. 
(35) a. 1盟主 thesecret 0ff my chest. 
「私は秘密を打ち明けてさっぱりした。 j
b. They don' t want us to get off their 
backs on sexual harassment. 
f彼らはセクハラのことで私たちにとや
かく言って欲しくないんだ。 j
c. The hopes of the nation町 e旦主詮
shoulders. <D: 7> 
「国民の希望は彼の双肩にかかってい
る。 J








打ち明けて話すj結果になる:THE BREAST IS A 
NEWLY-胤DECO附A1NER.
(37)馳enhe was shown proof that he stole the 







THE HAND ST釧DSFOR A SK1LL. 




たりできる:THE H釧D1S A MOVABLE OBJECT. 
(39) a. He gave me a hand in doing my homework. 
f彼は私の借題をするのを手伝ってくれ
Tこ。 i
b. 1 took an active hand in this project. 
「私はこのプロジェクトに積極的にかか
わった。 j











THE HAND IS A POSSESSION. 
(40) The president has accused these people of 




られる:THE HAND IS A LOCATION. 
(41) During long hours when Paul was at the 
Courtauld [InstituteJ or the British 





た(手の上で時間を見つけた) 0 J 
手は指を曲げてくぼみを作ると、三次元的な容
器になる;THE HAND IS A CONTAlNER. 
(42) a. 1 took my cOllrage in both hands. 
「私は思い切ってやってみた(両手の中
に勇気を収めた)0 J 





c. The demonstration against the govern-











THE FOOT/LEG STANDS FOR SUPPORTING; THE FOOT 
/LEG IS A VALUABLE POSSESS1 ON. 




b. You have no leg to stand on. 
「あなたには弁解の余地がありません
(立つべき足をもっていない) 0 j 
c. We have to find Ollr feet somewhere as 






(44) Naiz-aa uz-eed ter xδl 
友人一[再帰]会う一[完了連結]彼は足









(45) a. Put your best foot forward， and you can 
overcome your problems. 
「全力をつくしなさい。そうすれば、問
題を克服できるよ。 j
b. My room isn' t really a suitable place 

























































































Descartes' Error: Emot ion， Reason， and the 
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The Self in Language 
Go HIKIT A and Toru SHIONOY A 
(論文受理日 平成14年8月30日)
Abs位act
In language， the self typically appe釘sas the speaker. The location of the speaker or仕lespeaker's 
viewpoint servωas a basis for the distinction between thお /that，政u'go' / kuru 'come'， and ageru 
'give' / kureru 'give'. These exampl巴si1lustrate one ofthe essential roles ofthe self， as the speakel'， in 
the language system. 












































































































































図 1 1 like this bird. 











































































































































































































































































































































































































































































































































P300 Evoked by Recognition of Speaker's Speech Sounds 
Takeshi SHIMADA and Takahiro FUKUMORI 
(論文受理日 平成14年8月30日)
Abstract 
This paper discusses the distinction of the speech sounds of the speaker and the hearer from the 
speaker's viewpoint. The behavior of P300 shows that hearing the speaker's speech by himself or 
herself activates his or her brain greater than his or her hearing the hearer's speech and non-linguistic 
sounds: the prolonged latency and the larger amplitude of voltage of P300 is typical of the recognition 
of the speaker's speech; the violation of the Japanese phonotactics influences the reduced amplitude of 
voltage ofP300. 





































































(5) 脳電図 (electroencephalograrn，EEG) :脳内
の電気的活動をとらえる
(6) 脳磁図 (rnagnetoencephalograrn，MEG) :脳
の神経活動により生じる微小磁場を計測する。
















































































































































































































刺激名 潜時(msec) 電圧 (μvolt)
papa剛self 482 22.4223 
apap 488 4.5469 























































































































































刺激名 潜時 (msec) 電圧 (μvolt)
papa-self 482 22.4223 
apap 488 4.5469 
papa-helium 330 7.5889 
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In Exercise Physiology， the self und巴rstandingis typically to understand functions of various organs 
by recognizing blood f10ws when a working body changes from resting to exercise. A well-trained 
person has the syst巴mthat enables himlher to ex巴rciseefficiently. 
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←一一 一「一一←_.. 一 ν ドクラス
ぃ、レー ニ!トレー ニ σ 開技選ず
lング !if1;:，ゲ{査!
出荷下{.'4fl数(b同胞lmin) 71 59 36 
卜最大心拍数 (b回 ts/m田) I 185 I 183 174 
上安静1回心拍出量(阻{l 65 自o I 125 
H設大1回心的tU盤 Cml) I 120 I 140 2加
し ー ←一一ー
はと静心拍出量ClImin) I 4.6 I 4.7 4.5 
けi!A心的山撒(l/min) 22.2 25.() 34.8 
心血管系ト一一一一一一一一一一一一 !… !…一一ー トー 一一一 一i
1心掛rfui直i肱(m!) I 750 I 820 1200 
i全血液撒 (l) 4.7 I 5.1 1; 
i安静収縮期IfilH:(四回Hg) I 135 I 130 120 I 









































































安静時と運動時の血流配分 (Andersen.K. L.; In Falls. H. l. ed. 







目出 750; 1:1 
心臓 250: 4 
骨絡筋 1 1.200; 21 
皮府 500; 9 








750; 4 1 750; 3 
750; 4 I 1.似川 4
12.500; 71 I 22，0山)町 民自
1.日00; 12 1 600; 2 
401 ; :3 I 100; 1 













表17 うソン t 消化問血 1=ついての調査結果 I~III帆 1 11' 1: :1
組合 I Jjτ寸 レー 7， i t!d 
hJτ石川つ可戸川
Iiefe 1) i C'-J， 1~ UJ[I1脳出血糊 -~'7 ソン (11了川 u川1I 
Halvlrsel1l) ト ;¥Hi御Jlm即}f1I '? )ソン(1-0]) 山J
Mc仙ら iト州)印刷! ??ソン(n→ml 1:1九| 
¥lc:Vlahlnら い-')，献の血肘HliI i'j'!i(n-J21 I 
lねskaり いい/、前佐川~tli jllkl山 J'(J川 1-j~ I I 叫|
J車環1量 嵩?丸王員t貴




25 1 2 3 
椴素摂取量。 I/mln
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involvement in movement， Wilmore. J. H. and Keogh. J. F. 
(ed.) Exercise and sport sciences reviews;Vol. 3， pp.31-81. 
図12 Johnston. 1. A.， Davison. W. and Goldspink， G.




図14 Keul， J.， Doll， E.， and Keppler， D.: Medicine and 






Self-Understanding Through Natural History，Society and ‘Meme' 
W AKANA Hiroshi 
(論文受理日 平成14年8月30日)
Abs1ract 
The self-consciousness is the arrival point of the biological evolution. And the self-consciousness 
has evolved due to the interaction with the self and society. A human being transmits culture('meme') 
to the circumference， and transmits it to the next generations. The gap of the speed of the evolution 
by the gene姐 d'meme' became big. The expansion of the gap田usedthe problem of the modern 
society. One example is the environmental problem of仕lee紅白 Japan巴sefishermen have carried out 
afforestation activities in the whole country. Their activities will achieve excellent results in the 
future. They can hold on because the future can be se四.
The brain of the human being has been made to evolve large. The main part of the evolving brain is 
prediction ability. There is a fishermen's self-understanding as a thing which transmits their 'meme' 
in the future. 
Keywords: Self， Self-understanding， Self-consciousness， Natural history， Society， C凶ture('M巴me')，































































































































































































































































































































カー ル・ R・ポッパーは 「世界jをすべての存在
とすべての経験を包含するほつの世界」として整理
し， 1世界」の多重性を指摘する。
ポッパーの 13つの世界」は， 1世界1J (自約，
「世界2J(意識状態=自己意識， 1世界3J伐イりか
らなる。
巴平 j 世界 2
!怠議状態










































































































































(http://京市川T.mfs. pref .oita.jp / plarming/ 
aQuanews/ aQu9 / aQua9 .htm #himesimaより)
北海道えりも岬は，昭和初期の時代に，岬に広
がっていた約200haの森林が伐採などのために消


















































































































































Husserls Philosophie der Mathematik 6 
-Spezialisirung des Axiomen-System-
Kohtaroh NINOMIY A 
(原稿受付日 平成14年5月7日 論文受理日 平成14年8月30日)
Kurtzfassung 
Diese Abbandlung betracht verschiedene Modifizierungen des Axiomensystems von 
Husserls Theorie des Axiomensystems. Unter der Modifizierung des Axiomensystems 
unterscheidet er die Spezialisierung und die Ersetzung desselben. Fur beiden ist die 
Erweiterung des Gebietes die wichitige Moment. Die Spezialisierung des 
Axiomensy骨temsbedeutet bei ihm die Erweiterung desselben. Husserl bat die besondere 
Interesse an die Innere Spezialisierung， dh. die Spezialisierung durch Zusetzungen nicht 
der Operationen oder Beziehungen selbst sondern der subordinie此enGesetze.
&姐泊鉛elwo即:Erweiterung des Axiomensy:託ems，M拙 fizierung，S伊沼ia脳erung，E四etzung，































































(1)操作なbし関係を付加 j f U (3)〆
fα)公理系も拡張
2)領域を拡張 J (γ)同ーの公理系を保持































































































































































































































































































































































































































































--・眉司明"明 . -明・・ー ・-圃- . --. 帽自帽E・ ・帽聞剛・ー ・・開- . 帽聞圃'ー ・--・-ー ーー ・・四・・・・














































































































まず b)を採る。 そのうちでも s)を採る。 さら
76 -
フッサールの数理哲学(6 ) 一公理系の「特種化j





















































































































































































































































































































11 r連結j と訳したVerkn却，fung という語を、フッサ~/J，-怯「操
作JOperationと同義に用いる。 何れも演算のことである。












20 Husserliana，Bd.XII，S.440，Z.6 & S.443，Z.35. 
21 フッサール広場法措学 (7)一一「虚数lの問題一一
Hu掛目1叩bi1凶叩hyofMa也ema也s6一一一‘SPE坦alizati.on'αfanaxi.om可御m一一一
Kohtaroh NINOMIYA * 
In this treatise we investigaωseveral ways to modi命anaxiom'system in Husserl's theory 
of the axiom'system. Under ‘modi命ing'of an axiom'system he di偽rentiates
‘specialization' and ‘substitution' of an axiom'system. For both， the extension of the 
number'domain is an important moment. 'Specialization' of an axiom'system means by 
him ‘Extension' of it. Husserl's main皿terestlies in the 'inner specialization'， that is， 
specialization trough addition not of operations nor of respects themselves but of 
sub'ordered laws. 
Keywords : extension of an axiom'system， modifying， specialization， substitution， 
sub'ordered laws， extension ofthe number-domain， phenomenology 






Husserls Philosophie der Mathematik 7 
-Frage des “lmaginaren" -
Kohtaroh NINOMIY A 
(原稿受付日 平成14年5月7日 論文受理日 平成14年8月30日)
Kurtzfassung 
Wir erweitern den Gebiet der Realen Zahlen zu dem der Komplexen Zahlen. Konnen wir 
dann das Axiomensystem der Komplexen Zahlen als die Erweiterung von dem der Realen 
Zahlen ansehen? Es handelt sich um wie wir den Ausschluβder Ordnugsbeziehung 
denken. Die komplexe Zahlen sind entweder auf Hamiltonische Weise oder mit der 
imaginaren Einheit‘i' ausgedruckt. 1m lezteren Falle， nach Husserls Theorie der 
Erweiterung， k，οnnen wir die Frage bejahen. 






























































































































































































































































































































































































M へと拡張する場合、その Moは、 M の内に存
し、その際、形成されたものとして、やはり一つ



















































































































によって支配される。 すなわち、 Go'，Gon， Gn 
は、同一である。 これら諸法則は何れも、よく知ら
れた和・積・相等性の新たな定義一一一一
(a1， bJ + (a2， b2) .kf. (aI+ a2， bI+ b2) 
( a 1，b 1)x (a 2， b 2)忌 (a1a2-b1b2， a1 b~a2 bJ 



















































































































































































二つの複素数 a1+b1 i と a2+b2i との聞の
操作・関係は、通常の四則演算と通常の相等関係で


















i 2 =-1 
















(al + b a)+(a2+b2i)=(al +a2)+(b 1 +'b2)i 

































る。(a 1，0) と (a2， 0) とは、直接に大小関係に
従うと考えることはできない。 しかし、 i型におい
ては、 aという形式が、<はだか>で現われる。 単



































































い。 ハミルトン型では、ひとたび (a1.b1) と (a2. 
































































































































Mo : Mannigfaltigkeit"originale 
Me : Mannigfaltigkeit"erwei胞rte
Go: Gesetze刀riginale
En : Elemente"neue 
Gn : Gesetze"neue 
Gon : Gesetze・originale"neue


























We extend the domain of real numbers to that of∞mplex numbers. Can we think then 
the axiom'system of∞mplex numbers as an extension合omthat of real numbers ? It 
depends on how we think about the exclusion of the order-relation. Complex numbers are 
expressed either in Hamilton's manner or with the imaginary unit ‘i ' . In the latter 
case， aα沿吋回gto Husserfs theory ofthe extension， we can give an a箇rmativeanswer to 
the question. 
Keywords:ωmplex numbers， extension of a domain， extension of an axiom"system， 
the imaginary， phenomenology 







Psychological Clinic in General Hospitals 
-Case Study as Liaison Situation (2) ;Myasthenia Gravis Case-




τ'bis 伊世.ent wωsufi悶 dfrom many diseases af飽:rt剥ngMG命rough27ye副.Afぉ:rana也nissi叩 ω
伊ychi甜icwardbym鎚匂Is館側側，thec組側wasfound in her sωmach. She refused a sur訴caloper:叫叩
strongly. Gradually beαlIDing ac1ively on the other hand， she was moaning her own life. At last she a晦 d
out wristcuts， but ，after出宮市sode，she decided being句蹴'ated.In也is伊:riod，she wrote many le依澗to
psychologi伺1cli泊d個 .Wep抑制out伽 t白isdecision was m必inga∞orWn喜toin民叩倒冊減-rel組閣ship
between pa1i回旬andpa1ient' s∞凶clousnωsbeωmewidetop印'ple拙 d1ime range. 





































































2. 1. 1 症状、発現機構及び疫学
重症筋無力症は、神経学的障害における末梢神経系



























































































































































































































































































































































































































































































































































































総合病院における心理臨床 ーリエゾン事態としての事例研究(2 ) ;重症筋無力症患者例一
も発病当時に意識が向いており、また手術を決意する
直前にも同時期に意識州向いている。


























































































































A男 B男 C男 D男 E男 F男 G男 H男
I男













































































































































(9)全国筋無カ症友の会西日本， i筋無力症とは?J ， 
























Two Types of N umeral Sen tences in Ha waiian 
Toru SHIONOY A 
(原稿受付日 平成14年5月7日 論文受理日 平成14年8月30日)
Abstract 
There are two types ofnumeral sentences in Hawaiian; (i) existential sentence type and (i) equational 
sentence type. The two types differ semantically and structurally. 














































(3)‘Ekolu kanaka i ha'alele. 
一 人 完了去る
「去った人は三人。」












































Na haiao (1841) キリスト教関連
Hawaiian Laws (1994) 法律
Mookini (1985) 動物の紹介
Kuokoa 新聞(記事、読み物)
Ka Lama Hawaii 新聞(記事、読み物)



































(7) ho'okahi la Q kona noho‘ana me kana 
1 日属格彼の住むこと~と彼の


































(10)‘ekolu malama o'u _e____l10' omakaukau ai 
三月 私ー属格未完τ準備する
























(11) .‘elua ona koa ikaika loa，.・
彼幽属格戦士 5齢、 とても






















(13) M幻 ka make‘加a， a ke ola 
~から冠詞死ぬこと~まで冠詞生きる










































(16).， he‘umikumamalima ko lakou nui，… 
1 2 彼ら圃属格(k幽所有形) 数
「彼らの数は12人。J(8) 















(18)'Eha nδniho ko ka dia， . 
4 実に歯属格(k-所有形)冠詞鹿
「鹿は歯が実に 4本。J(1の
例(1ηと(18)ではぞれぞれ、 kakekahi makua rある































































































(23)‘eono paha kapuai kona kiekie a 
6 多分フィートそれの高さそして
he 'umikumamalua ka lo'ihi， 
1 2 冠詞長さ
「それの高さは多分6フィート、そして長さは





(24)He umikumalua ka nui 0 keia m加
1 2 冠詞数 属格これ複
mokupuni，. 
島
「これらの島の数は 120 J (1) 
ここでは (Z)の部分が「これらの島の数」となっ







(25)‘o Kipunuiaiakamau ma， 注並副担皇ラ
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The Instrumen tal in Mongolian 
Kunihiko HASHIMOTO* 
(Received 7 May 2002， Accepted 30 August 2002) 
The purpose of this article is to construct a systematic network aft告rreclassifying 
mul tip1e senses of the instrumental and detecting their linkage moti vations from the 
cognitive perspective. 1n that case， taking into consideration the results of many 
むognitivelinguistic studies， we will explicate the whole picture of the senses. 
Keywords: Instrumental， Semantic Network， Extension， Motivation 
1 INTRODUCTION 
The instrumenta1 in Mongo1ian (the Kha1kha 
dia1ect) is formed wi th the instrumental suffix 
-aar being added to a noun stem. (1) 
(1) a. am ‘mouth' + -aar→ am-aar ‘with the 
mouth' 
b. mod 'wood' + -oorサ mod-oor ‘with
wood' 
Most of the previous studies have mentioned 
mul tiple senses for the instrumental. For 
example， Street(1962:218-219) differentiates 
the following eleven senses and explains their 




His classification and exp1anation， however， 
have serious defects in two respects. 
First， there are some examp1es that don' t 
necessari1y represent the senses assigned to 
* Common Subject Division 
111 
them. Rather， it seems to be more appropriate 
for them to join another sense i tem. As an 
illustration， consider the sentences which 
Street(1962:218) classifies 
<Means/lnstrument): (2) 
(2) a. Ter shojすーoor bich-ne. (3) 
he cha1k-EP-INS write-PRS 
'He' 11 write with cha1k. ' 
b. 劫iyamar zam-aar yav-a-v? (4) 
you what road-INS go-EP-PST 
'By what road did you go?' 
c. tanaj tuslamzh-aar 
your help-INS 
'thanks to your help' 
as 
恥 ile (2a) certainly belongs to くMeans/
Instrumental>， (2b) and (2c) enter into <Path 
for Motion) andくReason)，respectively. 
Second， Street (1962) just enumerates 
multiple senses of the instrumental， but fails 
to mention their relationships among one 
another. Why are there so many senses in a sing1e 
form called 'instrumental'? Should we 
understand the senses as being polysemous? Or 
Kunihiko HASHIMOTO 
can we find out factors linking them to a 
semantic network? 
1n fact， other famous works besides Street 
(1962)， Vietze(1978:65)， Poppe(1951:64-65)， 
Luvsanzhav et al. (1976:65， 83， 157， 189， 205， 
213)， KhUkhbaatar(1993:92) ， Kas' yanenko 
(1968:28)， Sanzheyev(1973:79) and Ozawa(1986: 
59)， all have the same defects in them， too. 
The purpose of this article is to construct 
a systematic semantic network after 
reclassifying the multiple senses of the 
instrumental and detecting their linkage 
motivations from a cognitive perspective. The 
number of cognitive linguistic studies， which 
investigate forms and meanings in natural 
languages in terms of human cogni tion， has 
recently increased rapidly (e. g. Lakoff and 
Johnson 1980， Lakoff 1987， Langacker 1987， 1991， 
Taylor 1989， Croft 1991， Ungerer and Schmid 
1996). Taking into consideration their resul ts， 
we will explicate the whole picture of the 
instrumental senses in Mongolian， using 
conceptual devices like 1MAGE SCHEMA， METAPHOR， 
TRAJECTOR， LANDMARK， SOURCE， PATH and GOAL. 
The discussion will proceed as follows. 
Section 2 deals wi th six senses of <Means> and， 
as a result of its extension， the instrumental 
in the causative/the passive and six senses of 
くAbstract Accompaniment>/くAttri.bution>.
Section 3 accounts forくRegionof Motion> which 
consists of <Spatial Region of Motion> and 
<Temporal Region of Motion>. 1n the conclusion 
of section 4 i t is indicated that all the senses 
discovered in sections 2 and 3 construct the 
only semantic network， each part being linked 
wi th one another under the support of cogni t i ve
motivations. 
2. <ME附S>
This is a basic meaning representative of the 
instrumental. Most of the preceding research 
counts <Too1>，くMeans of Transport> and 
くMaterial>as senses of the instrumental. (5) 
Since， according to Vietze(1978:65)， the 
instrumental is a grammatical marker of an 
instrument or object wi th which one does an act， 
the three senses are all subsumed under the 
labelくMeans>.
1n section 2. 1 we wi 11 di vide <Means> into six 
sub-meanings， which are examined one by one 
observing as many data as possible. 1n sections 
2.2-2.4 we want to dig up processes in which 
くMeans>acquires other new senses through its 
extenslon. 
2. 1. Six Senses Subsumed under <Means> 
2. 1. 1.くTool>
ぬ a.XOOxd-ood ong-ijn xarandaa-g-aar 
child-GRP color-G pencil-EP-1NS 
navch tsetseg zur-laa. 
leaf flower draw-PST 
'The children drew leaves and flowers 
with color pencils. ' 
、• Ter xδ:gzhimchin morin xuur-aar 
that musician horse-headed fiddle-
sajxan dar-dag 
1NS well press down-HBT 
‘That musician plays the horse-headed 
fiddle well. ' 
1n (3a) the instrumental suffix is attached to 
伽.g-ijnxarana匂a，a tool with which one draws 
a picture. 1n (3b) it is on morin xuur， an 
instrument with which one plays music. 
2.1.2. くMaterial>
くMaterial>is a kind of くMeans>because it 
refers to substances used to make something. 
Compared with the fact that every other means 
stays external， the <Material> is an internal/ 
self-contained instrument in that i t integrates 
itself into a produced thing. 
(4) a. Ene bajshing chuluu-g-aar bari-san 
this building stone-EP-1NS build-PF 
bololtoj 
appear 
‘This building seems to be made out of 
stones. ' 
b. Bi Os-ee xar-aar bud-uul-a-x 
1 hair-RFL black-1NS dye-CST-EP-NPS 
? ??， ??
The Instrumental in Mongolian 
ge-sen yUJJ. 
wish-PF ASR 
‘1 really want to dye my hair black. ' 
The stones in (4a) are materia1 for 
constructing a building and at the same time 
become parts of the bui1ding. The black dye in 
(4b) is not on1y. an instrument for changing the 
color of one' s hair but a1so part of the hair 
to which it is attached. The instrumental is 
described as internally I self-containedly 
accompanying the process of activities. 
2. 1. 3. くMeansof Transport> 
くMeansof Transport> is an instrument for 
motion. 
(5) a. Bat lJarxan xot ruu galt terg-eer 
Bat Darkhan city toward train-INS 
yav-laa. 
go-PST 
‘Bat went to Darkhan by train. ' 
b. Ter xoyor xalchin xddδ伽 -dds
that two shepherd countryside-ABL 
morI-oor ir-zhee. 
horse-INS come-PST 
‘Those two shepherds came from the 
countryside on horseback. ' 
The action of motion is performed in the form 
of being included in the means of transport. 
2. 1. 4. <Medium> 
Broadcasting， correspondence and language， 
as a medium carrying some information， can join 
the means circle. 
(6) a. Bi chamtaj uts-aar yari-laa. 
1 you:CMT telephone-INS speak-PST 
‘1 spoke to you on the telephone. ' 、OnδδdδrOndes-nij sport干iyn
today tradition-G sports-G 
temtsee-nij bol-sn-iyg televiz-eer 
competition-G be held-ACC TV-INS 
nevt(JOl-zhee. 
broadcast-PST 
‘They broadcast on TV the news that the 
traditional sports competition was 
held today. ' 
The telephone in (6a) and the television in (6b)， 
as media of communication， are embodied in the 
instrumental NPs. 1n (6a， b) it is not the 
instrumentality of the NPs but their functions 
that are focused on. 
2.1.5. <Mental Activity> 
An increasing degree of abstractiveness of 
the instrumentality allows mental activity 
instead of physical objects to be understood as 
a means for something. 
(7) a. Era初-ijg oroldlogo charmajlt-aar 
knowledge-ACC endeavor effort-1NS 
sur-dag. 
study-HBT 
‘(We) always acquire knowledge with much 
effort. ' 
b. Ene azhl-iyg xOn xOn ddr-ijn 
this work-ACC each person self-G 
sanal-aar xij-zh bol-no. 
thought-1NS do-CNC can-PRS 
‘(You) can do this work in your own 
way. 
Both the effort and the thought in (7a， b) 
certain1y are not physical objects with 
definite outlines， but give us image schemata 
in which we accomplish something using non-
physical instruments metaphorical1y. That is 
why they belong to the metaphorical extensional 
usage of the instrumental. 
2.1.6. くModifier>
The instrumental suffixes may adhere to 
various syntactic constituents， including 
nouns， adjectives， adverbs and verbs， and may 
modify predicate verbs in the same way as 
adverbials. 
(8) a. Afitya伽ddddrdur-aar-aa 








'Mitya amused himself today as he 
pleased. ' 
、• Bi odor bo1gon gants-aar-aa radio 
1 every day a10ne-INS-RFL radio 
sons-o-zh baj-san. 
listen to-EP-CNC be-PF 
‘1 was listening to the radio alone every 
day. ' 
The suffixes are added to the noun in (8a) and 
to the adjective/ adverb in (8b). The instru-
mentals function as adverbials in the sentences 
and qualify the contents of the predicate 
verbs. 
A c10se observation of the modifier use 
revea1s that the instrumental constituents 
have meanings equiva1ent to those of manner 
adverbs. 1f the adverbia1 modification is 
reduced to the function representing manners of 
predicate meanings， it is compatib1e withく
Menta1 Activity >， one of the senses ofくMeans>.
2.2. Extension of <Means>: The Instrumental 
in the Causative and the Passive 
The grammaticalization of various implicati-
ons to the notion ofくMeans>may trigger the 
extension of new senses. Let us consider the 
process， observing instrumenta1 forms in the 
causative and the passive. 
2.2.1. Causee: Extension fromくMeans>to 
くActor>
Two actors appear in the causative. One is 
ca11ed causer because it causes someone/ some-
thing to accomplish something. The other is 
named causee because i t accomplishes something 
affected by CAUSE being emitted from the 
causer. 
The causative in Mongo1ian is morpho10gica1 
in that it is formed by inserting the causative 
suffixes， -uu1/-aa1， -ga/-gθ'/-go/-go， -lga/ 
-lge/乞19o/乞19o，between a verb stem and a tense 
/aspect suffix. The causer always takes the 
nominative case， while the causee has five 
different forms， inc1uding the accusative case， 
the zero case， the dative-locative case， the 
instrumental case and the suspension. About 
each of them we won' t go further into detail. 
1n what follows we will confine the topic to the 
instrumental causee. 
The instrumental causee is divided into the 
indirect causee in which CAUSE is just added to 
くMeans>and the direct causee in which CAUSE 
makes itくActor>.
First of a11， 1et us look at the data of the 
indirect cause. 
(9) Bi radio-g-oor ang1i xe1 zaa-1ga-san. 
1 radio-EP-1NS English teach-CST-PF 
‘1 studied English on the radio. lit.1 
caused the radio to teach me Eng1ish. ' 
1n (9) bi is a direct actor of ang1i xθ1 zaa-
19a-. The cause radio-g-oor doesn' t do 
anything by itse1f， but simply participates in 
the action indirectly as an accompanying means 
receiving CAUSE from the causer. The causer 
interacts wi th both CAUSE and ACT. CAUSEE， from 
the point of view of the cause， is the kind of 
stimulant that initiates the ro1e ofくMeans>.
The cause takes part in ACT indirectly going 
with the causer. 
The sentence in (10)， in contrast， presents 
the case of a direct causer. 
(10) Bagsh nadaar sonin unsh-uu1-1aa. 
teacher me:1NS newspaper read-CST-PST 
'The teacher made me read a newspaper. ' 
The causee in (10) is the instrumenta1 NP nadaar. 
1t， unlike that in (9)， directly carry out the 
act expressed by the predicate VP as soon as i t 
experiences CAUSE from the causer. 1n other 
words， the causee takes on the status of a 
direct actor. The causer， on the other hand， 
merely has the responsibility of igniting the 
fuse of the causee' s action. Here we observe 
a c1ear division between CAUSE and Act. The 
causer is the instigati ve agent of ACT and the 
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perform the ACT. 1n (10) there occurs a split 
between CAUSE and ACT. The causer literally 
becomes a sender of CAUSE. I t isthe causee that 
promotes itself fromくMeans>toくActor> and 
performs the ACT. 
(9) and (10)， taken together， show how the 
instrumental varies between <Means: accompani-
ment> andくMeans:causee>， name 1 y，くActor>.The 
causati ve has the potential for varying between 
くMeans>andくActor>with respect to the causee 
and i tsaccompanying semantic extension of the 
instrumental. 
2.2.2. The 1nstrumental in Relation to the 
Passive: Extension from くMeans>toくCause/
Reason> 
The instrumental also appears in passive 
sentences. 1ts meaning is sub-divided into 
くMeans> and くCause/Reason>. The Mongolian 
passive has little agentive meaning， thereby 
differing from by NPin the English passive. 1ts 
force is rather close to the meaning of the with 
NP. 
The first to consider is the case ofくMeans>.
(11) Xentij-11 l1uruu bol oj mod-oor 
Hentij-G mountain range TOP forest-INS 
xuchi -gd-dag. 
cover-PSV-HBT 
‘The Hentij Mountain Range is covered wi th 
woods. ' 
The instrumental NP in the sentence seems to 
quite equal in meaning to <Means> as described 
in section 2. 1. The instrumental in (11) is 
considered as くMaterial:accompaniment>， a 
self-contained type of theくMeans>，in which oj 
mod integrates i tself into part of the mountain. 
What distinguishes the passive instrumental 
from the <Means> instrumental? This is only 
part of the answer: the way that the speaker 
construes the entire situation in which each 
case completes the picture. In the passive of 
the (11) type the instrumental NP is 
indispensable for accomplishing a picture that 
the sentence depicts: the picture， as a whole， 
cannot become complete wi thout any help from the 
instrumental NP. On the other hand， the 
くMeans>instrumental NPs simply supply some 
additional information to pictures which the 
sentences describe because they aren' t 
necessarily obligatory constituents. 1t is 
supported by the fact that deletion of the 
instrumental NP gives rise to difference in 
grammaticali ty. 
(12) * X.θ'l1tIj-n l1uruu bol xuchi-gd-dag. 
'The Hentii Mountain Range is covered. ' 
(13) a. Xl1l1xd-l1l1d 6ng-ijn xarandaa-g-aar 
navch， tsetsθ'g zur-laa. 
‘The children drew leaves and flowers 
with color pencils. ' 
b. Xl1l1xd-l1l1d l1avch， tsetsθ'g zur-laa. 
‘The children drew leaves and 
flowers. ' 
The sentence in (12) that omits the 
instrumental NP from that in (11) is judged to 
be ungrammatical. In contrast to that， (13b) 
that drops the instrumental NP from (13a) is a 
full-fledged grammatical sentence. 
The above-mentioned observation leads us to 
the conclusion that the characteristics of the 
passive instrumental are based on semantics as 
well as syntax. The syntactic characteristic is 
that the instrumental stands as an argument 
which a passive verb requires obligatorily. The 
semantic characteristic is that the 
instrumental constituents as an obligatory 
accompaniment entity an integral part of a 
si tuation which a passi ve sentence represents. 
The entire situation has a stative scene 
depending heavily on the instrumental NP. By 
contrast， theくMeans>instrumental， which can 
accompany an action Or a process， enjoys the 
freedom to keep independent relatively of the 
action or the process. Let' s call the semantic 
property of the passive instrumental 
obligatory accompaniment and that of the 
くMeans>instrumental， optional accompaniment， 
respectively. The former is characteristic of 
state predicates， whereas the latter is typical 
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of action， process or change of state ones. 
The second type of the passive instrumental 
designatesくCause!Reason>.
(14) Paulos Burxan-iy zorilg-oor uri-gd-
Paul God-G purpose-INS cal1-PSV-
a-v. 
EP-PST 
‘Paul was called because of God' s 
purpose. 
In this sense the instrumental NP， as seen in 
(15)， is neither an argument nor an obligatory 
accompaniment entity. 
(15) paulos uri-gd-a-v. 
‘Paul was called. ' 
TheくCausative!Reason>makes God' s purpose a 
motivation for the ca11ing. 
2.3. Another Extension of <Means>: <Abstract 
Accompaniment> (8) 
The senses taken up in sections 2.1 and 2.2 
are a11 related to the physical level of 
cognition， so that they refer to events which 
deve10p on the time axis. On the other hand， 
there are several senses in the instrumental 
that are relevant to the abstract level of 
cognition. They are produced by extending 
くMeans>from the physical level to the abstract 
one. They have nothing to do with time， but 
inherit the core semantic feature [accompani-
n聞は]from theくMeans>senses. In what follows， 
we analyze three abstract senses of <Means>: 
くAccordance>;くStatus>;くAddition>.
2.3.1.くAccordance>
The only person who treats this usage as an 
independent one is Street(1962: 218). He names 
it ‘accord'. It can be translated as 
‘according to; fo11owing' in Eng1ish. 
(16) a. Darg-iyn xel-sen yos-oor ene 
chairperson-G say-PF rule-INS this 
xural-d bi orolts-o-x-oor 
meeting-D!L 1 take part in-EP-NPS-
bol-loo. 
INS become-PST 
‘According to what the chairperson said， 
1 was to take part in the meeting. ' 
、• Daraax' dgilill1-ijg unsh-aad 
the following story-ACC read-SPR 
dgililber-ijg zorilg-oor n' angil-
sentence-ACC purpose-INS 3P classify-
aaraJ・
OPT 
'Let' s read the following story and 
classify the sentences according to 
their purposes. ' 
yos-oor in (16a) is recognized as an idiom， 
although (16b) reveals that the instrumental 
has the meaning くAccordance> by nature. 
Unfortunately， Street(1962) doesn' t explain 
why the instrumental is used wi th that meaning. 
However， the reason can be easily explicated in 
terms of the cognitive perspective. The 
<Accordance> gives us an image showing the way 
a source entity aims at dovetailing with a 
unique goal entity. 
2.3.2. くStatus>
This sense corresponds to ‘as an NP' in 
English. 
(17) a. Minij xilil “Govi -ijn xdgzhi r 
my son govi-G development 
negdel-d maliyn emch-eer 
cooperative-D!L veterinarian-INS 
azhill-a-zh baj-g-aa yum. 
work-EP-CNC be-EP-IMPF ASR 
‘My son works as a veterinarian at 
the Govi Deve10pment cooperative. ' 
、• Ter mongol xel-n-ij bagsfr 
he Mongolian language-n-G teacher-
aar arvan zhi1 azhill-a-v. 
INS ten year work-EP-PST 
‘He worked as a Mongolian teacher 
for ten years.' (Street 1962:218) 
The <Status> sense is thought of as a stati ve 
??????
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link between a given social role and the one who 
habitua11y carries out that role. His/ Her 
social role， highlighted as a reference point， 
keeps the s細 estate for a certain period. The 
particular nature of the status relation is 
expressed by the nominal root to which the 
instrumental attaches. 
2.3.3. くAddition>
Few previous works on Mongolian have 
considered the notion <Addi tion> in the context 
of the instrumental. The reason is that the 
whole word sequence of which the instrumental 
is a constituent member tends to be taken as 
having one meaning. Nevertheless， there are 
very good grounds for attributing analyzabili-
ty to the overall construction. For one， the 
word sequence representing くAddition>reflects 
two patterns as fol10ws: 
(18) a. SUBSTANTIVE-aar + baraxgaj 
b. SUBSTANTIVE-aar + al baram 
The productivity of these patterns is shown by 
the fact that the substanti ve i tself covers a11 
the word categories to which case suffixes are 
able to attach， including nouns， adjectives and 
noun-type verbs (adjective verbs). (9) In 
addi tion， theくAddition> version of the instru-
mental ties the same entity (i.e. an actor， an 
event， a state) to two landmarks. The first of 
them is the substantive marked with the 
instrumental， and the second is the substanti ve 
of the a1so clause. The word sequences in (18a， 
b) are glossed as 'not only， but also; as well 
as' in English. The pattern in (18a) is 
il1ustrated as (19). 
(19) Bi aanijg angi-ijn-x-aa darg-aar 
1 this:A一CCclass-G-x-RFL chief-INS 
baraxgaj bagsh-i-d ch x，θ1-1ee. 
not only teacher-EP-D/L also 8ay-PST 
‘1 talked about this not only to the 
class leader but also to the teacher. ' 
The pattern in (18b) is illustrated by the 
example in (20). 
(20) Noos-iyg gadaadad garg~a-zh mashin 
wool-ACC export-CNC machine 
texnik-eer a1 baram b泣'xe1
equipment-INS not only complete 
aj1dver ch xuda1d-a-n av-ch b01-no. 
factory a180 buy-EP-CNC take-CNCcan-PRS 
‘By exporting the wool， (we) can buy not 
only machine equipment but a180 a complete 
factory. ' 
Why does the instrumental take part in word 
sequences representingくAddition>? To begin 
with， we need to examine the original meanings 
of baraxgaj and a1 baram following the instru-
menta1. 
The word baraxgaj is a negative non-past 
form of the verb bar- 'to finish; exhaust' ， 
which means ‘unfinished; inexhaustible' 
(21) id-e-zh bar-a-x (1 O) 
eat-EP-CNC finish-EP-NPS 
‘eat up (lit. finish eating)， 
(Lessing et al. 1960) 
In the inseparable sequence 01 baram the word 
01 is a negative particle preceding verbs and 
often builds idiomatic adjectival phra8es. 
(22) 01 bOt-e-x 
NEG be possible-EP-NPS 
‘impossible' (Lessing et al. 1960) 
舵latbaram means independently is unclear， 
al though Lessing et a1. (1960: 1006) gloss the 
entry of a1 baram as 'not restricted or 
confined' as well as 'not only， but a180' . The 
former meaning suggests the meaning of 
‘restricted area' for baram itself. 
2.4. Extension of <Abstract Accompaniment>: 
<Attribution> 
Further development of theくAbstractAccom-
paniment> sense results in the new basic sense 
<Attribution>， which is motivated by the inter-
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na1ization of the semantic property [accompa-
niment] into the instrumental 1andmark. The 
くAttribution>consists ofくObjectAttribution> 
くDistribution>andくReason>. Fol10wing this 
order， we wil1 discuss each of their detailed 
descriptions below. 
2.4. 1.くObjectAttribution> 
Mongolian has a sentence construction 
predicating whether the number or quantity of 
some object(s) is many/much or few/litt1e. The 
construction requires an instrumental form for 
the object(s) in question. 1ts schematic 
structure is represented in (23). 




The adjecti ve that can occupy the posi tion of 
a predicate include the following: Ix 'many' 
bayan ‘rich' ; elbeg ‘abundant' ; dooren 
‘fu11' ; tsoδin 'few' ， xovor 'rare' 
(24) a. Ene uul an am J tn-aar 
this mountain game animal-1NS 
elbeg. 
abundant 
‘This mountain is abundant in game 
animals. ' 
、 • Ene xdndnIjn bel cher n J us-aar 
this wide-open pasture 3P water-1NS 
xovor. 
rare 
‘1n this wide-open pasture the water 
lS rare. 
The abundance/rarity of the number/quantity 
denoted by the predicate adjecti ves in (24a， b) 
is a11 attributed to the instrumental. This can 
be construed as an extension of theくAbstract
Accompaniment> sense of the instrumenta1 as 
argued for in section 2.3. 
2.4.2. くDistribution>
The quantifiers bOgd and tsδ以 whichboth 
signify ‘a11' in Eng1ish， often appear with 
the instrumental， and are necessarily followed 
by the reflexi ve-possessi ve suffixes. Wi th the 
use of the instrumenta1， the reflexi ve form of 
these quantifiers means ‘a11 together' . This 
is a re1ated usage of the accompaniment sense 
of the instrumental. 
(25) a. Manaj angi-ijn-xan bilgd-eer-ee neg 
our class-G-POSS a11-1NS-RFL one 
sajxan duur J Oz-sen. (1 1) 
good opera see-PF 
‘Our c1assmates a11 sawa good opera. ' 
、• Ts6m-66r-，δd 1 sajn baj-na. 
a11-INS-RFL just fine be-PRS 
'A11 (of us) are just fine. ' 
Why does the quantifier modifying a subject 
take the instrumenta1? The answer seems to be 
associated with the fact that the cardina1 
numera1s bearing the instrumental suffixes 
designate distribution in Mongo1ian. 
(2も)Bi ene devtr-Ijg tav tav-aar 
1 this notebook-ACC five five-1NS 
n J boo-loo. 
3P bind-PST 
‘1 bound these notebooks in every fifth 
one. 
The distributive numera1 imp1ies that some 
members extracted from a gi ven set are grouped 
together and then are distributed according to 
the fixed number. It is not unti1 the point when 
the group members are added up to invo1ve a11 
the members of the set that they reach the point 
of ‘a11' . 1n other words，‘a11' is just a 
specia1 case of the distributive numera1s. 
The instrumental distributive numerals 
suggest that the number of every group of 
members is distributed equa11y， whereas the 
instrumental 'a11' -type quantifiers signify 
that a11 the members are distributed in a 1ump 
sum. The distribution of set members can be con-
ceptualized as the association of the meaning 
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of a numera1 or quantifier with the meaning of 
the distributed topic of the sentence. This is 
a1so hand1ed as the independent1y attested 
sense of abstract accompaniment adequate1y. 
2.4.3. くReason>
The attachment of the instrumenta1 suffixes 
to bol-o一応 a non-past form of the verb bol-
‘to become; to occur' ， gives rise to a reason 
conjunction. Since the conjunction bol-x-oor 
‘because' is a frozen form， it has no varie-
ties such as a perfective form *bol-sn-oor. 
(27) Bat ene nom-iyg olon unsh-san bol-o-x-
Bat this book-ACC many read-PF become-EP-
oor naぬasiloo med-e-zh 
NPS-INS me:ABL more than know-EP-CNC 
baj-na. 
be-PRS 
‘Because Bat has read this book many times， 
(he) understands it more than me. ' 
The stem bol-of bol-o-x-oor originally means 
'to change from one state to another state' ， 
which imp1ies that the state after change is 
specified but the state before the change is 
kept unspecified. With the conjunction taking 
over this origina1 meaning， the reason c1ause 
as a who1e represents the state after the change， 
i.e. the rea1ization of an event whose ground 
is given in the reason c1ause. 
3. <REGION OF MOTION> 
We now turn to another set of links in the 
various parts of extension that resu1t in a 
comp1ex network of semantic re1ations from the 
prototypica1 instrumenta1. The first 1ink 
re1ates to the domain that we ca11 くSpatia1
Region of Motion>. The second， as its 
extensiona1 usage， re1ates to <Tempora1 Region 
of Motion>， which itse1f produces two more 
1inks，くNearFuture> andくPurpose>.
3. 1. <Spatia1 Region of ，Motion> 
This a1ways requires three cognitive 
concepts : SOURCE， PATH and ωiAL. The 
prototypica1 spatia1 motion contains a11 the 
concepts exhaustive1y: it finishes at the 
moment when an object starts from SOURCE，即ves
along PATH and arrives at GOAL. However， not a11 
of the concepts work together on any.cognitive 
scene. In order to confirm that， consider 
instrumental forms representing the くSpatial
Region of Motion> in terms of SOURCE， PATH and 
GOAL. 
3. 1. 1. <Path-foca1ized Motion> 
The instrumental embodies a path for change 
of 10cation. 
(28) a. Oj-d baj-g-aa zam-aar neg 
forest-D/L be-EP-IMPF road-INS one 
mor' -toj xOn yav-zh baJマ1a.
horse-CMT person go-CNC be-PRS 
‘A man mounted on a horse is going 
forward on the road in the forest. ' 
b. Hanaj ger-ijn xazhuu-g-aar eregtej 
our house-G near-INS male 
emegtej xoyor xUOXed dngdr-ldd. 
fema1e both chi1d pass by-PST 
‘Both a boy and a gir1 passed by our 
house. ' 
The road on which the man with the horse moves 
in (28a) and the space in which the boy and the 
gir 1 go from one p1ace to another in (28b) show 
up in the instrumental forms， respectively. 
The moving object may refer to purely 
subjective motion， like menta1 tracing， as 
gi ven in (29). 
(29) a. Galt tereg-nij tsonx-oor olon 
train-G window-INS many 
mal xar-a-gd-laa. 
catt1e see-EP-PSY-PST 
‘Many cattle were seen through the 
train' s window. ' 
b. Tdv ajmag xUr-e-x zam 
tδv province get to-EP-NPS road 
Bogt uul-iyn baruu-g-aar dngdr-d.δIg. 




‘The road leading to Tdv Province goes 
to along the west side of Mt. Bogt.' 
阪13tmoves in (29a) is only the eyes tracing 
along the instrumental NP， whereas in (29b) we 
have the whole of the path laid out conceptually 
against a background， reflecting the cognitive 
process of su蜘 aryscanning (Langacker 1987， 
Matsumoto 1996). 
3.1.2. <Location of Motion> 
The interpretation of the paths presented in 
the preceding section resu1ts from conceiving 
a location of motion to be a straight line. 
Extending the conceptualization to two-dimen-
sional space， the location of motion can be 
designated as a plane surface. 1n that case， the 
instrumental describes a place where an action 
is carried out， as indicated in (30a， b). 
(30) a. Nadtaj tsug gar-san nδ'xod， 
us:CMT together go out-PF friend:PL 
tsom 1 oj tajg-a訂 tar-laa.
a11 just forest taiga-1NS disperse-
PST 
‘All the friends who went out together 
wi th us dispersed in the taiga forest. ' 
、.1925 on-iy xavar nert erdemten 
year-G spring famous scholar 
Vladimirtsov Mongol-d ir-zh 
Vladimirtsov Mongo1ia-D/L come-CNC 
Xentij-n uuls-aar olon xonog 
Hentii-G mountain-1NS many stay 
ayal-zhee. 
trave1-PST 
‘1n the spring of 1925 Vladimirtsov， a 
famous scholar， came to Mongo1ia and 
spent many days traveling across the 
Hentii Mountains. ' 
3. 1. 3. くGoal-focalizedMotion> 
Focusing on GO此 of motion makes an 
instrumental NP represent a destination which 
a moving object is heading for. 
(31) a. Ter onoodor xot-oor yav-zh y，四
he today city-INS go-CNC thing 
Oz-e-x ge-zh baj-na. 
see-EP-NPS say-CNC be-PRS 
‘He' s going to the city for sight-
seeing today. ' 、，Bi onδocJ.δr delguOr-eer yav-aad ene 
1 today shop-1NS go-SPR this 
nom-i問。l-son.
book-ACC find-PF 
‘1 went to the shop and found this 
book today. ' 
The instrumenta1 NPs in (31a， b) explicit1y 
refer to their reaching destinations. 
3.2. Metaphorica1 Extension ofくSpatia1
Region of Motion> 
Many studies， such as Lakoff and Juhnson 
(1987)， Payne (1991)， Svorou(1993)， Traugott 
(1985) and Yamanashi (1995)， have indicated 
that spatia1 morphemes can metaphorically 
extend their usage to the domain of time. This 
is because time is conceptualized as a region 
projected by the perceivable reaches of space. 
The extension from concrete entities to 
abstract ones is a natural process of human 
cogni tion. 1n our case， we observe two patterns 
based on the extension of spatial usages to 
temporal ones. These can be characterized as 
くPath-focalized>usages and <Goal-foca1ized> 
usages. 
3.2. 1.くPath-foca1ized>Type:くTimePeriod> 
1f PATH is projected from the spatial region 
to the temporal region， the instrumental is 
conventionally construed as designation of the 
time period during which an action is 
performed. 
(32) Bi negdugeer ulirl-aar sajn dOu-tej 
1 the first semester-INS good result-CMT 
sur-san. 
study-PF 
‘1 studied through the first semester to 
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As seen from (32)， temporal nouns and noun 
phrases are marked with the instrumenta1 and 
function to 10ca1ize the event of clauses wi thin 
a specific time period. The instrumenta1 NP in 
(32)， according1y， imp1ya certain span of time. 
3.2.2. くGoa1-oriented>type:くTempora1
Reference Point> 
If the speaker' s attention is focused on the 
endpoint of the conceived time period， the 
instrumenta1 specifies the くTemporalReference 
Point> sense at which an event occurs. It is 
paralle1 to the goa1-focalized spatia1 motion 
explained in section 3.1.3. Its meaning， in 
contrast to that of the instrumenta1 in (32)， 
implies no span of time at a11. 
。前 Xavr-iynshalgalt 5 dugaar sar-iyn 
spring-G examination the fifth month-G 
xori-d-oor exel-ne. 
twenty-D/L-INS begin-PRS 
‘The spring exam begins on the 20th of 
May. ' 
3.2.3. Extension ofくTempora1Region of 
Motion>:くNearFuture> 
As we discussed in sections 3.2.1 and 3.2.2， 
the metaphorical extension of the Mongo1ian 
instrumenta1 to the temporal domain reflects 
two construals of the instrumenta1， 
<Path-focalization> and くGoa1-foca1ization>，
respectively， and the くTemporalRegion of 
Motion> including these usages yie1ds the sense 
of <Near Future> in the cognitive1y motivated 
way called goal-orientation. 
The instrumental くNearFuture> expression has 
the following two structures. (12) 
(34) a. Verb stem-x-Instrumental + zavd-a-zh 
baj-
b. Verb stem-~1nstrumenta1 + bol-
腕latis common to both (34a) and (34b) is that 
the instrumenta1 suffix adheres to a nonpast 
verb. After the instrumental， the connective 
form of Z8Vd-'to be about to do something' is 
followed by the auxiliary baj- in (34a). 1n 
(34b) the instrumenta1 precedes bol-‘to 
become' . For the sake of convenience， let us 
call (34a)向上typeconstruction and， (34b) ， 
bol-type construction. 
There is a subt1e difference in meaning 
between the baj-type construction and the bol-
type construction. 
(35) Namajg ger-ees-ee gar-a-x-aar 
me:ACC house-ABL-RFL go out-EP-NPS-1NS 
z8vd-a-zh baj~tal dao 
be about to-EP-CNC be-TML younger 
maan lr-e-v. 
brother 1p1:P come-EP-PST 
‘腕len1 was about to leave my house， my 
younger brother came in. ' 




‘1 was to meet the shepherds today. ' 
The 向上typesentence in (35) exhibits the 
image schema in which the agent has already 
gotten ready to carry out an action at the 
conceptual point of tempora1 reference where a 
second event occurred. From that point of view， 
it is a progressive future sentence direct1y 
connecting with the speech time. 
The bol-type sentence in (36) indicates that 
the agent arrives at the position where he/she 
proposes to carry out some action. The action 
itself certainly is in the domain of a future 
time because it is not realized yet， but 
necessary conditions for its realization have 
been prepared perfectly. That makes the bol-
type construction a perfective future 
sentence. 
The question is why the instrumental can 
designateくNearFuture>. The reason is that 
くNearFuture> instrumental establishes as a 
temporal goal the comp1ete rea1ization of an 
action within a future time domain and then 
draws the path of time up to the goal. The <Near 








making an orientation towards the goal 
linguistically. 
3.2.4. Another Extension ofくTemporalRegion 
of Motion):くPurpose)
The instrumental refers to the purpose of an 
action. It has two variants， from the 
grammatical point of view. 1n the first， the 
instrumental suffix is added to a noun， in the 
second， i t isappended to a nonpast verb. (37a) 
is an example of the former， but (37b) is one 
of the latter. 
(37) a. 胎najsurguuli-ijn oyuutn-uud zhil 
our school-G student-PL year 
btlr gov' nutg-aa uszhuul-a-x 
every govi region-RFL irrigate-EP-NPS 
azhl-aar yav-dag. 
work-1NS go-HBT 
'The students of our school go for the 
work of irrigating the govi region 
every year. 
b. Ter oyuutan nom unsh-i-x-aar 
that student book read-EP-NPS-1NS 
nomiyn san-d och-zhee. 
library-D/L go-PST 
‘That student went to the library in 
order to read a book. ' 
1n purpose clauses， an action specified by an 
NP or a VP in the instrumental is a goal to head 
for. If the point in time when the action of a 
main verb occurs is set up as a temporal 
reference point， the action as a purposive 
target has yet to be accomplished. 
4. CONCLUSION 
1t is insufficient to recognize that multiple 
senses of the Mongolian instrumental are just 
considered as polysemous， individually 
assigned to entries in the lexicon. Rather， 
they constitute a unified semantic network 
using linkage entities motivated by cognitive 
concepts such as image schemata and metaphors. 
The senses of the instrumental are classified 
into the くMeans>group and theくRegionof 
Motion> group. The senses subsumed under each 
group are joined to one another by cognitive 
strategies and form a semantic network. 
What associates theくMeans>group with the 
くRegionof Motion> group? Putting i t into other 
words， what is common to the <Means> that refers 
to an instrument variously utilized in doing an 
act and the くRegionof Motion> that denotes a 
source， a path， a goal and a spatial region 
including them? 
One of the core semantic properties of 
くMeans>is [accompanimentJ. The landmark that 
plays a くMeans> role， accompanying the 
trajector as an agent very closely， takes part 
in the whole or part of the process of an action. 
On the other hand， the central semantic 
property of theくRegionof Motion> is [encom-
passiveness]. The trajector goes out of the 
landmark as a region， goes forward along it， 
goes into it or stays in it. TheくRegionof 
Motion> provides a scene where an action is 
carried out. 
1t seems that a connecting thread between 
[accompaniment] and [encompassiveness] is 
found in an image schema representing capaci ty 
enlargement. 1n order to be accompanied by the 
landmark， the trajector is ei ther smaller than， 
equal to， or a bit larger than it. As the 
landmark gets large up to the maximum point， i t 
finally wraps up the trajector. The senses 
belonging to theくMeans>group join with those 
belonging to theくRegionof Motion> group by 
picturing the image schema of the landmark 
capacity enlargement. 
The multiple senses of the instrumental 
constructs a single unified semantic network in 
which they are linked to one another by 
cognitive motivations. The reason why every 
native speaker is able to select and use a 
proper sense according to a context wi thout any 
confusion is that he/she has the semantic 
network in his/her mind. Since the network is 
a natural linkage system between senses based 
on cognitive functions， it is easy to shift from 
a basic prototypical sense to a marginal non-
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prototypical one. 
NOTES 
* 1 would like to thank A1'ie Ve1'hagen (Leiden 
Unive1'sity) and his two colleagues fo1' th居i1'
inva1uable co醐 ents.1 am a1so g1'ateful to two 
anonymous 1'efe1'ees fo1' giving me helpful 
suggestions. My thanks， finally， go to Richa1'd 
Goodal1， who patiently checked my English. 
E1'1'o1's and omissions a1'e solely my own. 
(1) Mongolian has a mo1'phophonological 1'u1e called 
a vowel ha1'mony. The inst1'umental， acco1'ding to 
i ts stem-final vowels， takes fou1' 
alternating suffixes， -aar~-eer~一oor~-öö・r. 1n 
this pape1' - aar is p1'esented as a 
1'ep1'esentative form. 
(2) The following abb1'eviations are used in the 
inte1'linea1' glosses: ABL:Ablative， ACC: 
Accusative， ASR:Asse1'tive， CMT:Comitative， 
CNC: Connective， CST: Causative， 
D/L: Dative-locative， DSR: Desirative， 
G:Genitive， GRP:G1'oup Ma1'ker， HBT:Habitual， 
IMPF:lmpe1'fective， INS: Inst1'umental， NEG: 
Negative Particle， NPS: Nonpast， OPT:Optative， 
PF:Pe1'fective， POSS: Possessive， PRS:Present， 
PST: Past， PSV: Passive， RFL: 
Reflexive-possessive， SPR: Sepa1'ative， TML: 
Te1'minative， TOP: Topic Ma1'ke1'， lsg: First 
Pe1'son Singula1'， 1pl: First Pe1'son Plural， 
1pl. P:Fi1'st Pe1'son Plural Possessive Pa1'ticle， 
3P:Thi1'd Pe1'son Possessive Particle 
(3) The consonant -g is inse1'ted betwe白na noun 
stem and a suffix when the stem ends wi th a long 
vowel or diphthong. 
(4) The sentenc巴 ist1'anslated as ‘By胃hatroad did 
you come?' in Street (1962: 218). But it is 
modified as (2b) because the ve1'b yav-prima1'il y 
means ‘to go' 
(5) Fo1' example， Poppe (1951: 64) mentions the 
following three senses fo1' the instrumental: i. 
Rep1'esentation of an inst1'ument ii. 
Rep1'esentation of a means of motion 
iii.Rep1'esentation of a mate1'ial 
(6) Refer to Hashimoto (1988) for a full 
description and explanation of Mongolian 
causees. 
(7) If the inst1'umental NP of (10a) is replaced by 
日 personNP， it produces a direct causee: 
i. Bi zhil1xene xOn-eer angli xel 
1 native person-INS English 
zaa-lga-san. 
teach-CST-PF 
‘1 had a native person teach English. ' 
It is日videntf1'om the fo11o官inginterrogative 
sentence that the instrul日日ntalfor the causee 
varies between an actor and an instrument: 
ii. Ta yama1' a1'g-aa1' angli xel zaa-lga-v? 
you what method-INS English tεach-CST-
PST 
‘By what method did you study English?' 
Whether the causee behaves as an inst1'um日nt-
like entity 01' as an acto1'-like one depends on 
its semantic feature of [animacy]. The 
indirect causee tends to be an [-animateJ NP 
holding its instrumentality. Refe1' to Kemme1' 
and Verhagen (1994: 129， 151n.23) and Cornel is 
(1997: 131) fo1' further detailed explanations 
of the similarity between instruments and 
cause巴srelating to animates and inanimates. 
1 am g1'ateful to A1'ie V日1'hagenfo1' these two 
publications. 
(8) On日ofVe1'hagen' s colleagues called my atten-
tion to the impo1'tance of [accompaniment] which 
plays a key ro1e in the extended usages of 
<Means>. 1 greatly appreciate his suggestion. 
(9) The noun-type ve1'b (臼djective ve1'b) consists of 
a ve1'b plus an aspectual suffix， including the 
habitual -dag， the perfective -san， the 
imperfective -a~ and the nonpast -λ二Itis 
common to a noun and an adject i ve in that i t can 
requi1'e case suffixes or modify nouns. 
(10)The connective conve1'bal suffix由 zhfunctions 
as an aspectual connector followed by an 
auxilia1'Y ve1'b. Fo1' example， the combination 
form -zh +向上 expresses an ongoing action 
or an incomplete action. 
(ll)The combining form of the genitive and the 
possessive suffix -xan has the meaning of 
‘p日ople01' things that belong to' . 
(12)Besides that， the following two s官ntence









i. a. Verb stem-rlnstrumental + yav-zh + 
baj-
b. Verb stem-rlnstrumental + yav-a-x + 
bol-
ii.a. Odoo bi galt tereg-nij billet av-a-x 
now 1 train-G ticket buy-EP 
-aar yav-zh baj-na. 
-NPS-INS go-CNC be-PRS 
‘1 am going to buy a train ticket now. ' 
b. Xoyor xOOxed zhims tliO-x-eer 
two child berry collect-NPS-INS 
yav-a-x bol-zhee. 
go-EP-NPS become-PST 
‘The two children were planning to go to 
collect berries. ' 
However， as seen in the above sentences， i t is
yav-zh baj-and yav-a-x bol-that carry the 
meaning of くNearFuture>， whereas the 
instrumental verbs just express the meaning of 
<Purpose>. 
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Separate Estimation of External and Internal Damping Coefficients 
on Bending Vibration of Flexible Beams 
KerトichiSAITO， Kohshi NISHIDA and Hisa-aki W A T ANABE 
(原稿受付日 平成14年5月7日 論文受理日 平成14年 8月30日)
Abstract 
This paper deals with th巴 estimationmethod of internal and external damping coefficients of flexible 
beams made of stainless stel and phosphor bronze. In the equation of motion of the beam， it is assumed 
that the intemal damping forc巴isproportional to the strain rate in bending vibration of the beam and that 
the external damping force is proportional to the velocity of bending displacement and the area of the 
surface rectangular to the vel田 ityof the beam. The intemal and external damping coefficients are 
calculated by use of the solution of the equation of motion for transvers巴freevibration of the beam in 
consideration of above two damping effects and the wave-form of damp巴dvibration obtained 
experimentally. Th巴 approximationby the method of least squares is applied in order to determine 
precisely the env巳lop巴ofdamped vibration. As a result， the eft巴ctivenessof this method is confirmed. 




































ここで，幅 b，厚さ h，時刻 t，縦弾性係数E，断
面二次モーメント!，断面積A，密度ρ，外部減衰













、 ， ? ?? ? ????
?
??
? ?? ??， ， ， 、?
ば一一l二L+C2ω; 1 










F i g.1 Forces acting on a beam element 
の，s;)= (co叫 J+ cos sJXsinhsix -sin siX) 
もーinhsJ+ sin sJ)(cosh siX一COSsiX)
(4) 










l+cosh sJ 'cossJ = 0 























Yk(X，tk)=li exp(ーλみ) (13) 









F i g.2 Damped vibration and envelope of peak 
values of the amplitude 




2pA (O1 ，4δ2 ，4) 
Cl=一一一一:-'1-一~'2 I 
-1 114 -1: t Td1 -1 Td2 -7. J (18) 
C内 2 pA 1141: (O，ム}ー=帽・E・E・-圃園・・・・・-圃・・・ーー ーー幽面ーー -，-ーー ---_-_， 












よって，式 (15)， (18) ， (19)の関係から外部減
表係数 Cl>内部減表係数 C2を次のように求めるこ
とができる.
2pA (~ ，4 ~ ，4¥ 
q=→→Uλ114 -^121i) 11~ -1;、日&日， (21) 












Fig，3 Experimental setup 
Table.1 Dimensions and values of physical properties 
ofbeams 
Material Stainless steel Phosphor bronze 
Length 1 (mm) 130 140 150 160 170 
Width b (mm) 10 15 20 
Thickness h (mm) 1 































Fig.4 Experimental example of damp巴dvibration 
(Stainless stel: 1=130mm， b=10mm， h=lmm) 
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Fig.5 Env巴lop巴obtainedby approximation of damped vi-
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Fig.8 Comparison between external and internal 
damping effect 
λ1 =λa+λ (23) 
ここで，
A.ー=三L
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Thermoelectric Properties of Sm and Ce Based Filled 
Skutterudite Compounds 
Ram GIRI*， Norimasa YANASEへChihiroSEKINE * 
Ichimin SHIROTANI*， Atsushi YAMAMOTO** and Chul-Ho LEE** 
(Received 7 May 2002， Accepted 30 August 2002) 
Filled skutterudites have been actively studied as potentially use向1thermoelectric 
materials. SmT4P12(T=Fe， Ru， Os) and La.:Ce1_xT4P12(T=Ru， Os) (0:: x:: 0.2) with the 
filed skutterudite骨pes加 .cturehave been prepared at high temperぽureand high 
pressure.百les回 .ctureof samples was characterized by powder X刊 ydi世action.The 
thermoelectric properties of these compounds have been investigated by means of 
electrical resistivity， Seebeck coefficient and thermal conductivity measurements. 
SmFe4P12 and SmOs4P12 behaved metallic down to 5K， while SmRU4P12 shows 
metal-insulation transition around 16K. SmFe4P12 showed significantly high values of 
Seebeck coefficient (46μV IK)， comparing to other metallic compounds at the tempera同胞
600K. La.:Ce1_xT4P12(T=Ru， Os) (0 : x三0.2)showed semiconducting behavior， and the 
power白.ctorwas optimized by doping 10% La in CeRu4P 12
Keywords: Skutterudite compounds， Seebeck coefficient， Power factor， Thermal 
conductivity. 
1. INTRODUCTION 
Thermoelectric effect in materials was discovered by 
Thomas Seebeck in 1823， when he noticed that a 
voltage drop occurs across a material with a 
temperaωre gradient (1) In 1950s doped 
semiconductors like bismuth telluride， lead telluride 
and bismuth-antimony alloys showed a much larger 
thermoele凶 ic(TE) e能ct也ano伽 rmaterials. Binary 
semiconductor Bi2 TI匂 showed the greatest 
thermoelectric eft云ctat room temperature (2) TE 
devices are not popular due to low efficiency and high 
cost. However， TE devices are used血 sp巴cialized
applications in which reliability is more加lpOrtaJ).tthan 
economy (1) Such as high-density IC cooler of 
computer， portable TE cooler， which can be powered 
企omcar ba抗ery.NASA's deep space probes use TE 
*Dep紅位lentof Electrical and Electronic Engineering 
**AIST Cen回 12，1・1-1Umezono， Tsukuba， Jap佃
generators as power soぽces (3) Semiconductor 
thermoelectric coolers 0能rseveral advantages over 
conventional systems. They are entirely solid-state 
devices， with no moving parts; this makes them rugged， 
reliable， and quiet. They use no ozone-depleting 
chlorofluorocarbons， potentially 0能ring a more 
environmentally responsible alternative '10 
conventional re企igeration.They can be extremely 
compact， comp紅'e to compressor-based systems. 
However， their ef百ciencyis lower than conventional 
re企igerators.TE materials are of interest for the power 
generation企omexhaust and engine heat of cars and 
waste heat仕omindus仕ies.百lemain drawback of TE 
devices is their law efficiency. The efficiency of TE 
device depends on TE material properties. The TE 
performance of a material is given by a dimension-less 
figure of merit ZT=S2T /Kρ， where S isthe Seebeck 
coe伍cient，T isthe absolute temperature， p iselectrical 
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resistivity and K is the 白 rma1 conductivity. 
Thermoelectric home re企igerators wou1d make 
economically competitive with traditiona1 compressor 
-based re企igerators，if the va1ue of ZT=3 of TE 
material could be fOW1d (2). At present the highest value 
of ZT in the bulk material is 1.8， atthe temperaωre of 
650K (4). 
Filled skutterudite compoW1ds釘ederived from出e
skutteruditeαys凶 struC加re(space group 1m3)組d
can be represented by the general formula MT ，0:12 
where “M" denotes one of the alkaline e紅白 orrare 
earth;“T" • denotes Fe， Ru or Os; and “X" pnicogen 
elements P， As， orSb (引の(η.In the crystal s位協知reof 
fil1ed skutterudite (Fig. li8)， the M atoms are located at 
(0， 0， 0)and (112， 112， 112)泊thecubic s加lC加re.百le
transition meta1s T which are located at (1/4， 114， 1/4)， 
are bOW1ded by six “X" atoms節也eirnearest 
neighbors in a form of slightly distorted octahedrons. 
Fi1ed skutterudite struc旬recan be obtained by :filling 
M atoms into the case like voids並bin釘yskt出回ldite
like CoAs3・ B泊町 skutterudite compoW1ds AX3 
(A=Co， Rh， Pd) possess high hole mobility組 dlarge 
Seebeck coefficient， but also have high thermal 
conductivity (K)， which can be expressed郡白esum of 
latice and elec位onicthermal conductivities (1(=J(L +1<'，). 
Highκis W1favorable for obtain泊ghigh ZT values. 
Fi1ed skutterudite compoW1ds have much lower 
thermal conducti吋ty due to additional phonon 
scattering by M atoms which ra枕leinside the large 
cages， cause reduce the κL parts助. In fact， :fil1ed 
skutterudites CeFe4Sb12 and Laσe，Co )4Sb12 showed 
high ZT values (ZT> 1)泊 thehigh tempera町田 (10)
百lermoelectricproperties of some phosphide including 
CeFe~12 have a1so been reported (11) CeT~12 
(T=Ru，Os) have showed high power factor in wide 
range of temperatures (12) . These previous resu1ts of 
Upper stage 
D 
700 ton press 
自l1edskutterudite compoW1ds motivated凶 to白地er
泊vestiga旬 CeT~12 (T=Ru， Os) by La doping，泊order
to op曲nizeTE prope此ies，because it is believed血at
Ladop阻:te能 ctcauses change in carrier concen凶.tion
組 dhybrid包ationbetween conduction electron佃 d
localized f electron. on the other hand， SmR~12 
shows semiconductor-like behavior at low 
tempera伽res(8) (13). It a1so motivated us to investigate 
Sm based :fil1ed skutterudite phosphide as a 
thermoelec仕icmaterials. In this paper we investigated 
doping e飾ctof La on CeT~12 (T=Ru， Os). We also 
S旬.diedthermoelectric prope此iesof meta1lic :fil1ed 
skutterudite compoW1ds SmT~12 (T=Fe， Ru Os). 
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Space group: 1m3 




Fig. 1. Crystal s飢lctureof:filled skutterudite MT4Xl2 
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The samples were characterized by powder X-ray 
diffraction using CuKα1 radiation and silicon as a 
standard. X -ray di借actionpa抗emsof SmOs4PI2 and 
L<l(l.ICeO.90S4PI2 are shown in Fig. 3 and Fig. 4 
respectively. Both samples are predominantly in the 
filled skutterudite phase with a negligible amount of 
OsP 4 as a impurity phase. Lattice constants of some 















Filled Skutterudite compounds LaxCel_xT4PI2 
(T=Ru， Os) (0壬x:; 0.2) and SmT4PI2 (T=Fe， Ru， Os) 
have synthesized by high pressぽe，high temperature 
method， using a wedge勾pecubic anvil high-pressure 
apparatus (14) This apparatus has upper and lower 
stages consisting of three cubic anvil in each stage， 
slide on the wedges formed in the shallow V -shaped 
grooves (Fig. 2). 百lemovements of anvils are 
completely synchronized by血ewedge system. The 
anvils are fabricated企om加ngstencarbide， having a 
16x16mm2 top-square face. Cubic pyrophyllite 
(21x21x21 mm3) was used as a sample container. The 
sample assembling technique to prepare skutterudite 
phosphides is similar to that used for the synthesis of 
black phosphorus (15)_ Powders ofhigh purity， Ce，Sm， 
Fe， Ru， Os (99.9% respectively) and P (99.999%) wぽC
used as starting materials. The starting materials were 
mixed as stoichiometric amounts and sealed加 a
crucible， made ofBoron-nitride (BN). The BN crucible， 
which is fitted inside a graphite heater is placed into 
the cubic pyrophyllite container. This pyrophyllite is 
kept in the center of the anvils， and the pressure is 
applied gradually. After the pressure reached about 
4GPa， the temperature is increased to the desired value 
(1 OOO~ 12000C) in about 30min. Temperature is held 






















AT (Temperature difference) 
Fig. 5. Schematic diagram of Thermal conductivity measurement 
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Heater for se枕ingtemperature difference 
Fig. 6. Schematic diagram of Seebeck coefficient measurement 
2.3 Resistivity Measurement 
Resistivity was measured by using standard 
four-prove direct cぽrentmethod over a tempera旬re
r加 ge企om2to 300K. 
2.4 Thermal conductivity measurement 
Thermal conductivity is measured using a steady state 
comparative method in room temperature.The 
schematic diagram is shown in Fig. 5. In this method， 
the unknown sample， whose thermal conductivity is to 
be measured， issandwiched between two reference 
materials of known thermal conductivity. The 
tempera知regradients in the standards and unknown 
samples are measured with applying const佃 ltheat flux. 
The s制nplessizes are measured to calculate the 
thermal conductivity， isgiven by問削ion(1) 
_ H.Ao d.1i +幻3_ 
K=一一一一一一町 (1) 
HOA 2t{J主 υ
Where K W担Kis thermal conductivity， H mm is
the height and A mm2 is the area of the unknown 
sample， while "0， Ho and Ao are of reference samples. 
L1Tj， L1九andL1 T3 are temperaωre gradient between the 
samples. 100 Q metal film resistor was llsed as a heater. 
Heater cu町entswere set at 0， 20， 40 and 60mA. The 
temperature gradients were measured at a stable 




(5x5mm2) to measure the temperature. Heat conductive 
grease (1<=9.6 mW/cmK) was used to connect the Cu 
plates and samples. Quぽtzglass (1<=13.6 mW/cmK) of 
dimension 5x5mm2， was used as a standard samples. 
Chamber was vacuumed by turbo molecular pump at 
l.4x 10-6 Torr during the measurement. Thermal 
resistivity of heat conductive grease， heat leak from 
thermocouples and radiative losses are likely to cause 
err侃 Errorwas found :J:5%， while measuring quartz 
glass as an ur血10wnsample. Re-measurement showed 
less than 1 % erro主Whenthe size of unknown sample 
is very smaller th組 standardsamples， values of 
thermal resistivity appears less than actual values. 
These errors and losses were estimated and corrected 
for the data. 
2.5 Seebeck coefficient measurement 
Seebeck coefficient was measured by DC method. 
When a temperature difference is applied between肌10
ends of the material， a voltage Vo isproduce. The 
tempera加redi能 renced.T c佃 bemeasured by lUeans 
of thermocouples. The average thermoelectric power， 
which is a1so called Seebeck coefficient S as a function 
of average temperaωre difference d. T isgiven by 
S=VoId.T 
Schematic diagram of Seebeck coefficient 























?? ? ? ? ?
? ????? ??
???
me部町ementis shown泊Fig.6. The sample was :fixed 
between the two stages with the support of heat 
加叫atedsample hold偲 Tempera加redi能renceis 
applied旬由e sample by the heater企omthe lower 
block at也etempera加regt泌ientof 2 K. Two 
thermocouple probes， which also push也etwodi能:rent
points of the sample，紅e 田edto measure也e
tempera細胞 difference and thぽmoelec凶cpower. 










































Fig. 9. Seebeck coefficient versus temperature 







of血eLぬCe1_xT4P12(T=Ru，Os) (O::;:x壬0.2)is plotted 
in Fig. 7佃 dFig. 8. All these compounds show 
semiconducting behavior. We reported白紙 CeOs4P12
shows low resistivity values， because of 1釘gec町 iぽ
mobility compare to CeRu4P12 (12). La dopant causes 
decrease加resistivitywith increase of La pe問en旬.gein 
CeR¥4PI2・Resistivtyof Lao.1CeO.~\4PI2 observed 10 
times lower than CeRu4P12 at room tempera知reand 16 
times at 125 K.百leshoulder has found in the 
resistivity拙 afunction oftemperature in CeRu4P12 at 
around 100 to 150 K and disappeぽedafter La dopping. 
However in c邸eof CeOs4P12， La doping efIect in 
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Fig. 10. Seebeck coefficient versus temperature 
for LaxCe1-xOs4Pl2 (x=O， 0.1， O.2) 
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Fig. 7. Resistivity versus temperature 
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Fig. 1. Power factor (S2/p) versus temperature 




Fig. 8. Resi;tivity as a function of temperature 
for LaXCe1-XOs4PI2 (x=O， O.1， O.2) 
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Fig.15. Resistivity and Seebeck coefficient 
as a function of temperature of SmRu4P12 
30 
The Seebeck coefficient of LaxC巴l-xRuJ>12 (0:; x:; 
0.2)田 afunction of tempera加reis shown in Fig. 9. 
High Seebeck coefficient (500μV IK ) of CeRli4P 12has 
been repo此.eddown to 200 K (12). In this study， Seebeck 
coe田cientwas measured down to 100 K. It is invented 
that， Seebeck coe伍cientof CeRu4P12 is positive down 
to 140 K， which indicate hole conductor. However 
below 140 K it changes to negative， which indicate 
ele耐 onconductor. The maximum peak (437μVIK ) 
was found at 180K. The variation of Seebeck 
coe町icientof LaxCe1.xOs4Pl2 (0:; x:; 0.2) is plotted in 
Fig. 10. CeOs4P12also shows high Seebeck coefficient 
(140μV IK ) over a wide tempera加rerange with the 
weak temperature dependence (12) High Seebeck 
coefficient was found above 450 K with 10% La 
dopant. The power factors of LaxCe1.x T J> 12 (T=Ru， Os) 
(0:; x:; 0.2) a印 shownin Fig.l1 and Fig. 12. Power 
factor values泊 CeRu4P12 increased with La dopant. 
Lao.1CeO.9RuJ>12 shows high power factor value in the 
order of 10・3m W IK over a wide tempera旬rer組 ge.
Variation of electrical resistivity and Seebeck 
coe伍cientof SmTJ>12 (T=Fe， Ru， Os) are plotted in 
Fig. 13， Fig. 14 and Fig. 15. All Sm based compounds 
show metallic behavior in contrast with the 




Thermoelectric Properties of Sm and Ce Based Filled Skutterudite Compounds 
compounds. However， SmR14PI2 shows 
metal-insulator transition at 16K， which is in 
agreement with the previous report (12). High seebeck 
coe妊icientvalue (82μVIK) was observed at around 10 
K in SmR14PI2. Seebeck coefficient of SmFe4P12 and 
SmOs4P12 increase with temperature. Max並lUm
seebeck coefficient value (46μV IK) was found at 
around 700 K 泊 SmFe4P12，which is comparatively 
high in the metallic compounds. 
Thermal conductivity ofSm and Ce based compounds 
at room temperature are listed in Table 1. The thermal 
conductivities of some Ce based compounds at room 
temperature are in agreement with the previous study 
10，1)吋 Thethermal conductivity of SmFe4P12， SmRU4P12 
and SmOs4P12 is 75.5 mW/cmK， 63.7 mW/cmK and 
58.54 mW/cmK respectively. The calculated 
dimensionless thermoelectric figure of merit ZT values 
for the CeRu4P12ラCeOs4P12SmFe4P12， SmRu4P12 and 
SmOs4P12 are relatively low at room temperature of 
0.003， 0.02， 0.0006， 0.0001 and 0.001 respectivelぁ
These low values can be at仕ibutedto血吋 high
thermal conductivity. In order to increase their ZTs， 
reduction in both electrical resistivity and thermal 
conductivity should be carried out. In metals， like Sm 
based filled skutterudite compounds， the ratio of K!(F' 
constant (σ=l/p) and it is not possible ω 
simultaneously reduce one value and increase the other. 
In case of semiconductors， • however. doping process 
泊crease 加 conductivity and reduce thermal 
conductivity due to phonon scattering in disordered 
compounds， which can achieve high ZTs materials. We 
succeeded to凶provepower factor by La dopihg into 
the CeRu4PI2， which showed the possibilities of 
increasing the values of ZT of these filled skutterudite 
semiconductors. Measurements ofthermal conductivity 
for the LaxCe1-xT4Pl2 (T=Ru， Os) (x= 0.1 and 0.2) are 
planned in the very near fu知re.
4.SUMMARY 
LaxCe1-xT4P12 (T=Ru， Os) (0三区 0.2)組 dSmT4P12 
(T=Fe， Ru， Os) have been s戸lthesizedunder high 
press町.eand th吋 thermoelectricproperties have been 
measured. The room tempera加re properties of 
LaxCe1-xT4Pl2 (T=Ru， Os) (0三x三0.2)and SmT4PI2 
(T=Fe， Ru， Os) are listed in Table 1. LaxCe1_xT4P12 
(T=Ru， Os) (0:: x三0.2)are p-type semiconductors and 
have good thermoelec佐icproperties. Power factor was 
opt耐lIzed by 10% La doping in CeRu4PI2. Thermal 
Table 1 
Room temperature properties of some Sm and Ce based filled skutterudite compounds. 
Units CeRu4P12 Lao.l CeO.9R14P 12 Lao.2CeO.SR14P 12
Lattice constant A 8.0446 8.0478 8.0478 
Electrical resistivity mD.cm 71.9 7.7 12.2 
Se巴beckcoefficient ぃVIK 256 214 204 
百1ermalconductivity mW/cmK 107 
ZT 0.003 
Units CeOs~12材 Lao.l CeO.90s4P 12 Lao.2CeO.SOs4P 12 
Lattice cons旬nt A 8.0700 8.0689 8.0708 
Elec仕icalresistivity mD.cm 2.26 3.52 3.60 
Seebeck coe伍cient μVIK 147 120 97 
Thermal conductivity mW/cmK 105 
ZT 0.02 
Units SmFe4P12 SmR14P12 SmOS~12 
Lattice constant A 7.7986 8.0395 8.0764 
Electrical resistivity mD.cm 1.9 5.2 1.8 
Seebeckcoe悶cient μVIK 18 11 19 
Thermal conductivity mW/cmK 75.5 63.7 58.54 
ZT 0.0006 0.0001 0.001 
Units CeFe4P12* CeFe4Sb12* CeR14Sb12* 
Lattice const創1t A 7.7917 9.1350 9.2657 
Elec仕icalresistivity mD.cm 20.5 0.75 0.31 
Seebeck coe旺icient μVIK 58 59 31 
Thermal conductivity mW/cmK 140 14 42 
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conductivity decrease in the order of transition metal 
Fe， Ru， Os in Ce based phosphides and vise vursa in 
Ce based antimonides. SmT4P12 (T=Fe， Ru， Os) show 
metallic behavior and posses high Seebeck coefficient 
at high tempera加res.Therttlal conductivity decreases 
in the order of仕'ansitionmetals Fe， Ru， Os. It can be 
believed that， thermal conductivity of filled 
skutterudite compounds c組 bereduced by not only 
selecting a good rattler but also selecting a proper 
transition metal， which makes optimum size ofatomic 
cage for ra“ler. We found that， Os makes optimum size 
for phosphides and Fe for antimonides filled 
skutterudite compounds. 
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SmT4PI2(T=Fe， Ru， Os)及びLaxCel-xT4P12(T=Ru， Os) (0金三0.2) を高温高圧合成法により作製した。粉末X線回折により結
晶構造の同定を行ない、電気抵抗率、ゼーベック係数及び熱伝導率を測定し、熱電特性を調べた。 SmRU4PI2は16Kで金
属一絶縁体転移を示すのに対し SmFe4PI2及びSmus4PI2は5Kまで金属的な振舞を示した。 SmFe4PI2は通常金属に比べて大き









Strain Measurement Using FBG Sensors by Neural Networks 
-Numerical Simulation by Back Propagation Method-
Daisuke SAITO， Shinya SA TO and Masaaki IMAI 
(原稿受付日 平成14年5月7日 論文受理日 平成14年8月30日)
Abstract 
Recently宅 avariety of sensors using optical tibers have been studied intensively since these 
sensors ofter a compact robust， light¥Veight and potentially 10¥V cost solution. ln this paper. ¥"e 
concentrate on strain sensors using fiber Bragg grating (FBG) because FBG sensors have proven 
to be useful for monitoring slruclural strains (elongation). However. most of the FBG sensors 
reported so far employ a spectrum anal)官 rlhat is usually expensive. We propose here a low C051 
FBG sensor utilizing artiticial neural networks that is used to learn the mapping relation bet¥¥'een 
strains and normalized transmission power spectrllm. Numerical simulation based on a back 
propagation method demonstrates that the FBG sensors with nellral networks are lIsefll for the 
measurements ofthe strain. 






























































n K2 sinh2(sL) 
FJI = 勺ヲ フフ (2)
s" cosh" (sL ) + d" sinhぷ(sL)
πピ~11
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をもっている。図 13 に実験の-(~J を示す。
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Preparation of BN Films by Reactive RF 
Ion Plating Method 
Tadao SATO， Shun-ichi W AKAY ANAGI 
Takayuki W A T ANEBE and Akira SAKAI 
(原稿受付日 平成14年5月7日 論文受理日 平成14年8月30日)
Abstract 
The sp人bondedBN thin films were prepared onto the silicon substrate by RF 
ion plating under the conditions of supplied RF power of 18・110_W， substrate 
bias potential of ・0.5kV，boron evaporation rate of 1.3 x 10叶 kg/(m.L.s)， vacuum 
chamber pressure of PN2+PAr=6.6 X 10・2Pa，and 21. 7cm distance between 
substrate and vapor soUrce. N/B atomic ratio of the film increased with 
increases in PN2 I(PN2+PAr) ratio and supplied RF power. The maximum ratio of 
the film obtained in this work was 0.95， when the film was _prepared under the 
condition of supplied RF power of 110 W and PN2 =6.6 x 10-"Pa. 






























型電子銃(最大 5kW) と水冷銅るつぼ (4










0.725 mm， 70 mmX70 mm，片側のみ鏡面
研磨)を用い，蒸留水，アセトン中で超音波
洗沖を施した。また，皮膜形成に先立ち，一
度，真空槽内を 6.6X 10'3 Paまで排気後，ア
ルゴンガスによるイオンボンバード(アルゴ
ン分圧 2.6X 10'2 Pa，時間 20min， RF電力
20 W， DCバイアス電圧・0.5kV) による表
面洗浄を行った。
Fig. 1 Schematic diagram of the ion 
plating apparatus 
1: E.B. gun， 2: Crucible， 3: Shutter， 4: RF 
antenna， 5: Substrate， 6: Thermocouple， 












調節しながら 6.6X 10'2 Paと一定にした。
2.4 電子ビーム出力
予備試験により 0.3kWではホウ素の溶融
および蒸着膜の形成が確認されず， 0.5 kW~ 
1.5 kWの電子ビーム出力範囲以内ではホウ
素の蒸発速度(るつぼ内のホウ素の減少量か
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Fig. 2 FTIR spectra of the films prepared 
under various nitrogen pressure ratios" 











o 0.2 0.4 0.6 0.8 
{JN2/ ({JN2+PAr) 
Fig. 3 Relationship between nitrogen 
pressure ratio and chemical composition 
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2 e / degree (Cu-Kα) 
Fig. 4 XRD patterns of Si substrate and 
the film prepared at PN2 =6.6x 10・2Pa，RF 
power = 90 W. 













































討した。高周波投入電力 18W および， 45W 
で作成した場合は皮膜形成時間を 3時間， 90 












2000 1800 1600 1400 1200 1000 800 600 
Wave Number / cm-t 
Fig. 5 FTIR spectra of the films prepared 
under various RF powers. 
PN2 =6.6 X lO'2Pa 
得られた皮膜の FT-IRスベクトルを Fig.5
に示す。すべてのスベクトル図に共通して，
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RF Power/W 
Fig. 6 Relationship between RF power 
and chemical composition determined by 
EPお1Afor the films shown in fig. 5. 















































1)窒素圧 6.6X 10.2 Pa，ホウ素蒸発速度1.3
x 10・4kg I (m2・S)，基板バイアス電圧 -0.5
kV，基抜"蒸発源開距離 21.7 cm，高周波電
力 110W (13.56 MHz)の条件下で作成した
高周波イオンプレーテイング BN皮膜は N/B
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